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S U M M A R Y 
D i h y d r o i s o t r y p t a m i n e was p repared , as i t s c r y s t a l l i n e 
h y d r o c h l o r i d e , i n s u f f i c i e n t q u a n t i t i e s to enable i n v e s t i g a t i o n 
of i t s genera l p r o p e r t i e s and the p o s s i b i l i t i e s of i t s 
s u c c e s s f u l c y c l i z a t i o n to t r i c y c l i c s t r u c t u r e s which are 
i s o m e r i c w i th c o r r e s p o n d i n g t ryptamine d e r i v a t i v e s p re sen t 
e . g . among harmala a l k a l o i d s . 
Dur ing the cour se o f the r e sea r ch programme two d i f f e r e n t 
methods were i n v e s t i g a t e d : 
1. R i n g c l o s u r e r e a c t i o n s of the newly prepared ace ty l 
and benzoyl d e r i v a t i v e s of d i h y d r o i s o t r y p t a m i n e 
a cco rd i n g to the B i s c h l e r - N a p i e r a l s k i r e a c t i o n , an 
approach wh ich , i n a l l i t s m o d i f i c a t i o n s , proved to 
be u n s u c c e s s f u l and 
2. R i n g c l o s u r e r e a c t i o n s of S c h i f f - b a s e s formed between 
a p p r o p r i a t e a ldehydes and d i h y d r o i s o t r y p t a m i n e based 
on the P i c t e t - S p e n g l e r r e a c t i o n . The method 
developed t h i s way enabled the s u c c e s s f u l p r e p a r a t i o n 
of a t r i c y c l i c r i n g - s y s t e m in the form of d i h y d r o i s o -
i n d o l 0 - [ 1 , 2 - c ] h e x a h y d r o p y r i m i d i n e d e r i v a t i v e s . The 
fo rmat ion of t h i s new s t r u c t u r e was ach ieved i n one 
s tep i . e . w i t hou t the n e c e s s i t y of i s o l a t i n g the 
i n te rmed i a te S c h i f f - b a s e . 
I N T R O D U C T I O N 
RING CLOSURE REACTIONS 
Ring closure reactions of ethylamino side-chain of 3-aryl 
substituted a-amino acids to, usually, six-membered ring 
systems (heteroaromatic or heteroalicyclic) are well known 
and are discussed in detail in the chemical literature. The 
most important methods employed for the formation of these new 
rings are: 
(a) the Pictet-Spengler cyclization reaction and 
(b) the Bischler-Napieralski reaction. 
These reactions deal mainly with the synthesis of pyridine 
ring systems including their fully or partially hydrogenated 
derivatives, e.g. isoquinolines, tetrahydroisoquinolines, 
3-carbolines and tetrahydrocarbolines. 
A. The Pictet-Spengler Cyclization Reaction. 
In its simplest form the reaction consists of 
condensation of 3-arylethyl ami ne with a carbonyl compound 
(either aldehydes or ketones) to yield pyridine like 
structures most often in a reduced form. 
Pictet and Spengler^ were the first to realise that 
3-phenethy1 ami ne reacts with methanal in concentrated 
hydrochloric acid to yield 1 ,2 ,3,4-tetrahydroisoquinoline 
2 
This reaction was extended by Decker, employing 







The reaction was carried out in two steps in which the 
intermediate, azomethine was cyclized in the presence 
of an acid. 
Since its introduction, the Pictet-Spengler reaction 
has been successfully applied to the syntheses of other 
ring systems, notably to partly saturated dibenzoquino-
l iz ines and 2-carbolines. Typical examples are the 
preparation of 2,3 ,10,11 - te tramethoxy-8-methy 1 - 5,6,13,13a 




Schopf and Bayerle^ carried out the Pictet-Spengler 
reaction under 'physiological' condition i.e. temperature, 
concentration and acidity of the reaction medium was 
comparable to that which might exist in plants, to 
explain the origin of isoquinoline and g-carboline 
alkaloids found in plants. For example, synthesis of {2) 
can also be achieved at physiological conditions of pH5 
at 25°C in 70% yield after 3 days? Under similar 
conditions dopamine and acetaldehyde condensed to give 
83% 0-norsa1soline . Condensation of 3 ,4-dihydroxy-
phenyl ethyl ami ne with homopiperonal at pH6 and 25°C 
yielded 84% of 1-piperonyl-6,7-dihydroxy-1,2,3,4-tetra-
hydroisoquinoline^. Under conditions similar to those 
described above, amino alcohol (3) yields with formalde 
hyde and formic acid not only the N-methylated compound 
but resulted also in a Pictet-Spengler cyclization to 
o 





Certain other aromatics activated by phenolic functional 
groups present in para position to the cyclization site 
also follow the Pictet-Spengler type reaction. Such 
phenolic cyclization is evident in the synthesis of 4,6-
dihydroxy-1,1-dimethyltetrahydroisoquinoline, when 3-
9 
hydroxyphenyl(a-hydroxy)ethyl amine is heated in acetone. 
ACETONE 
The condensation of phenethy1 amine with pyruvic acid when 
9 
refluxed in ethanol to give the amino-acid (4) represents 
a similar cyclization r e a c t i o n . 
pyruvic a c i ^ 
CHbO'-^^^^^^ A ethanol 
Although the reaction of pyruvic acid is much slower 
than those of a l d e h y d e s , such condensation reaction works 
well when a free phenolic function is available para to 
the cyclization s i t e . Condensation will in fact take 
place even w i t h o u t the use of an acid catalyst to afford 
c y c l i z a t i o n . Pseudolaudanine was e.g. obtained from 
homoisovani1ly1 amine and homoveratraldehyde in ethanol 
at room temperature if the initial cyclized product was 
N-methylated according to the procedure of Eschweiler-
10 
C I a r k e . 
C H s O - ^ Y 
OCH3 
N - C H 3 
The reaction mechanism of this condensation and ring 
closure between a 3-phenylethyl amine derivative and an 
aldehyde is generally accepted to commence with Schiff-
base formation between them (c.f. 7) followed by an 
electrophilic attack to substitute the aromatic ring in 









The Schiff base i n t e r m e d i a t e (i.e. the imine (7^)) has 
been identified and also isolated from many reaction 
m i x t u r e s . It was also shown to yield the final product 
by a c i d - c a t a l y z e d c y c l i z a t i o n . If, h o w e v e r , the amine 
c o m p o n e n t is not a primary but a secondary amine then the 
reaction i n t e r m e d i a t e m u s t be hydroxymethy1 derivative 
(e.g. which cannot lose water to form (7^). In this 
case S c h i f f - b a s e formation is by-passed and (8) is formed 
d i r e c t l y under the influence of the catalyzing acid. The 
tendency of some P i c t e t - S p e n g l e r reactions to succeed even 
at pH7 (i.e. in non-acidic m e d i u m ) can be readily 
e x p l a i n e d by the capability of the aliphatic amines used 
in this reaction to form ammonium ions in presence of 
w a t e r o n l y . Obviously pyruvic a c i d , which possesses no 
3 - h y d r o g e n a t i o n , cannot directly undergo the Pictet-
S p e n g l e r cyclization r e a c t i o n . H o w e v e r , those 
d e r i v a t i v e s of pyruvic acid which can enolize will 
11 
cyclize 
T r y p t a m i n e s condense with aldehydes to give tetra-
h y d r o - 3 - c a r b o l i n e s . This cyclization also suggests the 
initial formation of Schiff bases e.g. which is then 
followed by e l e c t r o p h i 1 i c attack at C-2 of the indole 
12 
ring to form the tricyclic compounds 
H 
R C H O 
NH-
^ H R 
H , 0 
Jackson and Smith^^ suggested that Schiff bases which 
formed from tryptamine derivatives follow the same pattern 
of electrophi1ic substitution as simple 3-alky1indoles. 
This means that the 'cyclizing' electrophi1ic substitution 
initially proceeds in the 3-position forming indolenine 









Recent i n t r a m o l e c u l a r c y c l i z a t i o n s of t h i s type gave 
s u p p o r t to the c l a i m tha t the above r e a c t i o n s a c t u a l l y 
proceed v i a i n d o l e n i n e i n t e rmed i a t e e . g . tha t of 3 ' - indoly l 
ethanoyl-2-cyclopentenylbutyl-1-amine, gave i n d i r e c t ev idence 
f o r and s u p p o r t to the c l a im tha t above r e a c t i o n s 
a c t u a l l y proceed v i a i n d o l e n i n e i n t e r m e d i a t e s . The 
cyc l i z a t i on ^ ^ of (1_0) to (ri_) r e p r e s e n t s another s u i t a b l e 
example. 
NH 
H o>̂ c' 
OHC-
(10) (u) 
One of the i n t e r m e d i a t e s t ep s i n Woodward 's s y n t h e s i s of 
s t r y c h n i n e ^ ^ a l s o p r o v i d e s an example of c y c l i z a t i o n 
o c c u r r i n g at the 3 - p o s i t i o n when C-2 p o s i t i o n i s b l ocked . 
- n -
As the P i c t e t - S p e n g l e r c y c l i z a t i o n and a l s o the 
B i s c h l e r - N a p i e r a ! s k i r e a c t i o n ^ ^ a s w i l l be shown l a t e r 
proceed v i a e l e c t r o p h i 1 i c aromatic s u b s t i t u t i o n , i t i s 
obv ious that the e l e c t r on den s i t y on the t o - b e - s u b s t i t u t e d 
carbon must be a determin ing i n f l uence . I t w i l l be 
determined which of the two un sub s t i t u ted o r t ho -po s i t i ons 
of the aromatic r i n g w i l l be the p re fer red p o s i t i o n for 
c y c l i z a t i o n . As a general expectat ion the ortho p o s i t i o n 
which i s para to the e l e c t r on -dona t i n g s u b s t i t u e n t w i l l 
be p re fe r red as shown by the f o l l ow ing example. 
Condensat ion of 3-me thoxyphenethy 1 ami ne (1_2) with 
formaldehyde y i e l d s only the 6 -methoxy te t rahydro i soqu in -
o l i n e (1_3) and not the 8-methoxy d e r i v a t i v e which could 
have r e s u l t e d from the c y c l i z a t i o n in the a l t e r na t ive ortho 
18 po s1 t i on 
(L2) 
NH-
H C 4 0 
HCl 
I t was a l s o reported - and th i s g i ves add i t i ona l 
support to the above c la im - that c y c l i z a t i o n of 3 ,4 -
d i a l koxy - 3 -pheny l e thy l am ine with formaldehyde, under 
c o n d i t i o n s s i m i l a r to those desc r ibed, y i e l d s on ly the 
6 , 7 - d i a l k o x y - (and not the 7 , 8 - d i a l k o x y - ) - 1 , 2 , 3 , 4 -
t e t r a h y d r o i s o q u i n o l i n e 19 I f both o r tho -po s i t i on s are 
activated (by e.g. a methoxy - and a methylenedioxy -
group) such as in (1_4) then a mixture of both compounds 
are formed as shown by the cyclization, with formaldehyde, 
of N-(3-methoxybenzyl )homomyristicylamine (14). 
OCH 
(U) 
H C H O 
3 H CI 
O C H 
OCH: 
That the above examples are significant and represent the 
preference given to the position para to an electron-
donating substituent is further underlined by the 
20,21 
cyclization ' again with formaldehyde, of 1-veratryl 
nor-hydrohydrastine , (15), nearly exclusively to 
tetrahydropseudoberberi ne (1_6), producing the other minor 
isomer, canadine, only in very small amounts. 
(15) OCH3 
OCH3 
W A 0 C H 3 
In order to explore the general applicability of the 
22 23 
above results Spath ' replaced the alkoxy substituents 
by the more active hydroxyl groups and showed that the 
same rule does not usually apply, i.e. ring-closure 
proceeds vi a both ortho positions, and a mixture of 9,10-
dihydroxy- and 10 ,11-dihydroxy derivatives are formed. 
If however the ring-closure reaction was carried out under 
22 
physiological conditions , the 9,10-dihydroxy- product 
was formed in 80% yield. Whaley^^ explained this 
apparently contradictory phenomenon by stating that the 
presence of free hydroxyl groups in the benzyl residue 
activates both ortho positions to such an extent that 
instantaneous cyclization occurs via whichever ortho 
position is made available by the random oscillation of 
the benzyl group. But, in case e.g. norreticu1ine (17j 
which has one hydroxyl and one methoxyl substituent on 
the benzyl ring of the tetrahydrobenzylisoquinoline 
structure, two products, viz. scoulerine (1_8) and 
coreximine (19) are formed. 
H O A ^ A ^ n h 
HCHO ^ 
(17) (18) W ^ O C H j 
(19) > ^ 0 C H 3 
OH 
? S 
In fact it has been s h o w n ^ ' ^ ^ that the pH of the 
reaction medium determines, apparently, the relative 
quantities of the two compounds formed. At pH6.3, the 
ratio of scoulerine to coreximine is 2 to 1 while at 
the neutral pH coreximine is the only product formed?^ 
It is interesting to note that, initially, it was 
tacitly assumed that condensation of m-hydroxypheny1-
ethylamines with pyruvic acid produced only 6-hydroxy-l, 
2,3,4-tetrahydroisoquinoline derivatives without even 
considering the possibility of ring-closure in the other 
2 6 
direction . This assumption was however quickly 
27 28 
discontinued when it was shown ' that anhalamine is 6,7 
dimethoxy-8-hydroxy-l,2,3,4-tetrahydroisoquinoline. 
Similar results were obtained in case of ring-
closure reactions with aminoethylnaphthaienes. 
Condensation of 3-( 2-naphthy 1)ethy1 ami ne with formalde-
hyde yielded only 1 , 2 ,3 ,4-tetrahydro-7 ,8-benzi soqui no-r 
29 
line . This was explained by the higher electron 
density at the a-position of the naphthalene ring 
compared to that at the 3-position. This finding was 2 9 
underlined by the observation that 3-(2-naphthaieny1) 
ethylamine could not be cyclized under the conditions 
used above. 
H.N-
H C H O 
HCI 
An attempt to cyclize 1-aminomethyl-2-methoxynaphthaiene 
in the peri position was, as expected, also unsuccessful 30 
B. The Bischler-Napieralski Reaction. 
Cyclization of N-(3-arylethyl )amides of carboxylic 
acids to the corresponding 3 ,4-dihydroisoquino 1ine 
derivatives is carried out by the Bischler-Napieralski 
reaction in presence of acid catalysts e.g. POCl^, 
PClg, ZnCl^, AICI3 or SO^Cl^. 
31 ,32 ,33 ,34 
n . N H 
- H 2 O 
POCI 
Similarly, amide derivatives of tryptamines also cyclize 
to 3 ,4-dihydro-g-carbolines 
H 
NH 
If the cyclization is carried out under cyclodehydrating 
c o n d i t i o n s ^ ^ t h e n isoquinolines, instead of their 
dihydro-compounds, are formed, e.g. in the case of 
o A 
papaveri ne'^^ synthesis. The reaction is activated 
by irradiation with ultraviolet 1 i g h t p 
and proceeds by dehydration of the acylated ethylamino 
side-chain, thereby forming a double bond, followed by 









In addition to the loss of water from the above acylated 
hydroxyethyl amine derivatives the corresponding alkoxy 
ethylamine side-chains can (instead of water) lose an 
alcohol molecule to form isoquinoline derivatives^^ ' ̂ ^ . 
OCH3 
C H 3 O H 
- H 2 O 
44 45 
N-acyl-2-phenyl ethyl ami nes and N-acy 1 s tyry 1 ami ne 
, prepared by Beckmann rearrangement ^^ from the 
appropriate o x i m e s , also cyclize to 3 ,4-dihydroisoquino-
lines and isoquinolines respectively by Bischler-
Napieralski reaction: 




- H , 0 
POCI 
R 




Benzenesulphony! esters, which are excellent leaving 
groups, of this type of oximes tend to cyclize without 
the presence of dehydrating or oxidizing agents 











C 6 W 5 S O 3 H 
The reaction conditions employed critically 
influence the yield of the final product, which improves 
considerably if low temperatures and mild condensing 
agents are used. Under these milder conditions more 
complicated isoquinoline derivatives, e.g. benzoquino-
lizines and phenanthridines could also be synthesized^^. 
As could be expected these amides which have an electron-
releasing substituent on the aromatic ring cyclize more 
readily than those with no substitution, while presence 
of electron withdrawing substituents on the aromatic 
ring hinder the reaction. The facilitation of the 
reaction in this way is well illustrated by the ready 
cyclization of N-acety1-3,4,5-trimethoxy-pheny1ethy1 ami ne 
to 3,4-dihydroisoquinoline derivative, which on methylation 
49 with methy1iodide , gave 0-methy1-pel 1otine 
L 
The Bischler-Napieralski reaction is the most 
commonly used method for the preparation of 1-benzyliso-
quinoline derivatives, whether they are fully aromatic or 
containing partially hydrogenated pyridine rings in their 
molecules. Most of these compounds usually possess two or 
three oxygenated substituents on the benzene ring portion 
of the i s o q u i n o l i n e m o i e t y , w h i l e the a r o m a t i c portion of 
the benzyl ring carries one or at m o s t two such 
s u b s t i t u e n t s . This is i l l u s t r a t e d by the s y n t h e s i s , vi a 
50 
this reaction of t a k a t o n i n e and t e t r a h y d r o t a k a t o n i n e 
C H 
C H B C A ^ O ^ N H ® P O C I 3 c ^ O - S ^ ^ N - C H B 
t o l u e n e . ^ 
® N Q B H 4 
M e O H 
The use of a c e t o m ' t r i l e as s o l v e n t promotes Bischler-
N a p i e r a l s k i c y c l i z a t i o n of the a m i d e . C o c l a u r i n e (23) 
for i n s t a n c e was s y n t h e s i z e d in over 60% yield in 
51 
a c e t o n i t r i l e s o l u t i o n , while a similar cyclization 
52 
a t t e m p t with PgOg in toluene gave much lower yield 
@ H C l 
(D H 2 / P t 
N H 
The mechanism of the reaction involves an intra-
molecular electrophi1ic attack by the carbonium ion e.g. 
, formed by protonation on the double bond of the 
aromatic ring in the same molecule (in one of the two 
ortho-positions) with subsequent elimination of a mole of 
water, followed by cyclization to 3 ,4-dihydroisoquinoline 
derivatives e.g. . This mechanism is, of course, in 
agreement with the promotion of cyclization by the 
presence of electron-releasing substituents in the aromatic 









© / N H 
C - O H 
- H 
H , 0 
Cyclization of N-acy1 - 3-3-methoxyphenyl ethyl amine may 
lead to either a 6-methoxy or an 8-methoxy-3,4-dihydro-
isoquinoline, depending on the direction of ring closure 
as shown. 
OCH, R 
When the position, para to the methoxy group is free, 
it invariably becomes the point of ring closure, leading 
to a 6-methoxyisoquinoline derivative. This fact is the 
result of an electrophi1ic attack on the aromatic ring 







Where the para position is blocked as in N-acetyl-2,5-
dimethoxy-e-phenethylamine is readily converted to 
53 
the 1-methyl-5,8-dimethoxy-3 ,4-dihydroisoquinoline 
POCl 
If both positions are activated to a similar d e g r e e , a 
mixture of products is obtained as in the cyclization of 
N-phenylacetylhomomyristicylamine to give l-benzyl-8-
54 
methoxy-6,7-methylenedi oxy-3,4-di hydroi soqui no! i ne 
POCl 
In the synthesis of cavidine which is similar 
to b e r b e r i n e , the appropriate formamide derivative (28) 
was heated with phosphorus oxychloride. The product is 




This r i n g - c l o s u r e reaction shows the r e a c t i o n ' s remarkable 
s e l e c t i v i t y . The halogen s u b s t i t u e n t in para position of 
the aromatic ring is removed to make the preferred electron-
rich position a v a i l a b l e for the e l e c t r o p h i 1 i c substitution 
reaction required for r i n g - c l o s u r e . 
H o w e v e r , not all B i s c h l e r - N a p i e r a l s k i reactions give 
c y c l i z e d p r o d u c t s . The use of drastic cyclizing conditions 
may r e s u l t in the production of tars (from the starting 
a m i d e s ) which are not c y c l i z e d . O c c a s i o n a l l y , side reactions 
have also been r e c o r d e d . For example treatment of N-formyl-
3 - p h e n e t h y l a m i ne with phosphorus pentoxide yielded mostly 
56 
a m i n o m a l o n d i a m i de and only small amount of 3,4-dihydro-
i s 0 q u i n 01 i n e . 
P 2 O 5 
p 
C - N H C H 2 C H 2 0 




C y c l i z a t i o n of m- and ¿.-ni trobenzyl derivatives 
of u n a c t i v a t e d 3 - p h e n e t h y l a m i n e s gave c o n s i d e r a b l e 
p r o p o r t i o n s of the c o r r e s p o n d ! n g ni trobenzoni tri 1 es as by-
p r o d u c t s ^ ^ This reaction may be attributed to the resistance 
of the amides to c y c l o d e h y d r a t i o n . Unactivated 2-nitrohomo-
v e r a t r o n y l - 3 - p h e n e t h y l a m i ne derivatives have 
been found to undergo cyclodehydration in POCl^ to give 
the corresponding products formulated as vinylideneamines 

















The substituent in position one of the initially formed 
isoquinoline ring immediately reacts^intramolecu 1arly^ 
forming compounds with benzoindolizidinium structure. 
Typical secondary reactions involve y-ch1oropropy1 group 
CHaCK^^^^^A^N CI 
CI 0 
Numerous other substituted 1-benzyl-3,4-dihydroisoquino-
lines undergo air oxidation to 1-benzoyl-3,4-dihydroiso-
64,65 
q u i n 01 i n e either in neutral or in alkaline solution 
O x i d a t i o n , however, does not take place in dilute acid 
s o l u t i o n s ^ ^ . 
ai r,ethanol ^ 
0 
OCH3 OCH3 
O x i d a t i o n by a t m o s p h e r i c oxygen may s i m u l t a n e o u s l y 
o x i d i z e and dehy drogena te e . g . 1 - (o^-methyl benzyl )-3,4-
d i h y d r o - 2 - c a r b o l i n e to y o b y r o n e ^ ^ . The changes are, as 
e x p e c t e d , more rapid in a l k a l i n e m e t h a n o l i c s o l u t i o n ^ ^ . 
A s o m e w h a t s i m i l a r r e a c t i o n , the c y c l i z a t i o n of N-formyl-
t r y p t o p h a n with p h o s p h o r u s o x y c h l o r i d e at 125°C y i e l d e d 
69 
36% of n o r h a r m a n e . F i n a l l y , N - ( 3 - p h e n e t h y 1 ) c y a n o a c e t a -
mide was s i m u l t a n e o u s l y c y c l i z e d , h y d r o l y z e d and 
d e c a r b o x y 1 a t e d by p h o s p h o r i c acid at 170° forming 1-methyl 
3,4-di hydroi soqui noli ne 
The r i n g - c l o s u r e of N-acylated tryptamines to 3,4-
d i h y d r o - 3 - c a r b o l i n e s is also carried out by the Bischler-
1 7 
N a p i e r a l s k i r e a c t i o n . A b r a m o v i t c h in his review 
t a b u l a t e d a large number of successful c y c l i z a t i o n s which 
w e r e c a t a l y z e d , as they were in the case of isoquinoline 
f o r m a t i o n , by p h o s p h o r u s p e n t o x i d e or by phosphorus 
o x y c h l o r i d e . The m e c h a n i s m of the reaction is, as 
o u t l i n e d b e l o w , p r a c t i c a l l y identical with the one 
a p p l y i n g to the formation of the i s o q u i n o l i n e ring s y s t e m . 
H 
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H R OPOCl-
The reaction involves electrophi1ic attack by the carbo-
nium; ion on the indole ring either at the C-2, or more 
likely at C-3 followed by rearrangement, with subsequent 
elimination of a mole of water^^ . This reaction proceeds 
with ease, e.g. N-phenylacetyl-3-(3-indolyl)ethylamine 
gives, with phosphorus oxychloride, 1-benzyl-3,4-dihydro-
3-carbolines ^ in 90% yield. If the starting material 
used was the formamide derivative the unsubstituted 3,4-
dihydro-3-carboline could be obtained in 76% yield at 
7 2 
110° in presence of phosphorus oxychloride . The 
73 74 
synthesis of stereoisomeric yohimbanes ' was 
accomplished also by the Bischler-Napieralski reaction. 
© P O Q 
(2) Ho cat. 
Recently, a new ch1oroform-so1ub1e catalyst, a 
polyphosphate ester^^ was shown to give yields superior 
to those achieved by phosphorus pentoxide. Table 1 
tabulates the yields of 3-carboline derivatives 
synthesized from acy1tryptamines. 
Thioacyl tryptamines also cyclize to 3,4-dihydro-3-
carboline derivatives in a manner which resembles the 
Bischler-Napieralski cyclization. Mercuric chloride is 
used as desulphurizing agent in acetonitrile solution. 
H Y 
ri 
H g a 2 
NH MeCN 
The Bischler-Napieralski reaction is expanded to be 
applicable for the synthesis of more complex compounds, 
e.g. indoloquinolizidine alkaloids. In this manner a 
number of such alkaloids were synthesized like the 
stereoisomeric dihydrocorynantheine^^, ajmalicine^^ and 
eburnamonine^^ as shown by the example dihydrocorynantheine 
CHjCOîMe CH,CO,Me 
TABLE I 
Bishler-Napieralski Cyclization of Acy1tryptaminés 
TryPtami ne 
Subs ti tuent Acyl gp. 
Cycli zati on 
Agent 
Yield % 
None Formyl Polyphosphate ester 73 
None Benzoyl Polyphosphate ester 68 
None Cyclohexanacety1 Phosphorous pentoxide 1 ow 
None o-Carboxyphenyl acetyl Phosphorous oxychloride 36 
None o-Methylphenyl acetyl Phosphorous pentoxide 63 
a-Carboxy Formyl Polyphosphate ester 58 
C J O 
D I S C U S S I O 
A. A I M AND P R O P O S E D S Y N T H E S I S 
A large number of naturally occurring simple and more 
complex indole d e r i v a t i v e s are known to possess d i s t i n c t and 
s i g n i f i c a n t physiological a c t i v i t i e s . Of t h e s e , substituted 
tryptamine d e r i v a t i v e s (some also with additional fused ring 
s y s t e m s ) a f f e c t the human central nervous s y s t e m . The 
d i s c o v e r y that some simple isoindole derivatives are also 
p h y s i o l o g i c a l l y active resulted in the preparation of a number 
of r e l a t i v e l y simple (and easily s y n t h e s i z a b l e ) i sotryptamine 
d e r i v a t i v e s . As findings of this approach showed promise the 
aim of this i n v e s t i g a t i o n became the preparation of new iso-
tryptamine d e r i v a t i v e s . These were envisaged to eventually 
produce fused t h r e e - r i n g - s y s t e m s , isomeric with - or closely 
related to - alkaloids of e . g . the harmala g r o u p . These 
products intended to be derivatives of partially saturated 
i s o i n d o l o p y r i m i d i n e ring systems instead of the 3-carboline 
system of the harmala a l k a l o i d s . 
The synthetic programme commenced with the preparation of 
d i h y d r o i s o t r y p t a m i n e (A). Condensation of either the Schiff-
bases or the acylated derivatives of dihydroisotryptamine was 
then e n v i s a g e d ^ b y modifying either or both the Bischler-
Napieralski or the Pictet-Spengler ring closure reactions^ to 
produce the fused i s o i n d o l o h e x a h y d r o p y r i m i d i n e ring s y s t e m . 
While the acylated isotryptamines (acetyl or benzoyl) refused 
to undergo intramolecular cyclyzation under the conditions used 
the Schiff bases could be c y c l y z e d , if reaction conditions used 
d i s c o u r a g e d h y d r o l y s i s , to the expected dihydroisoindolo-[1,2-c] 
h e x a h y d r o p y r i m i d i n e derivatives (B). 
/ NH 
NH- O j h 
A B 
B. DISCUSSION AND RESULTS 
The significant physiological activity of a large number 
78 79 of simple and complete indole derivatives, e.g. serotonine, ' 
O^ O1 op 
bufotenin, psylocine, lysergic acid .diethylamide, 
QO ©¿I 
reserpine and the vi nca alkaloids, led to the synthesis 
or 
of a number of d1hydroiso1ndole derivatives possessing, or 
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PSILOCYME 
C O N E t z 
C H a O O C ^ •OOC 
OCH: 
RESERPINE 
The methods reported in the literature and utilized for 
the above syntheses are not conducive to the systematic 
preparation of such isoindole derivatives. Anyhow, they are 
not really suitable for synthesis of large enough quantities 
to enable exploration of their physiological properties. This 
state of affairs remained as such until the rediscovery of the 
86 
rearrangement reaction described by Rodionov and Chuckhina 
This commences with o^-carboxyci nnami c acid derivatives and 
leads to dihydroisoindole-1-one-3-acetic acids. This 85 ^ 
reaction was then further developed and utilized by Wong for 
the preparation of dihydroisotryptamine derivatives. The 
starting material in this thesis was prepared by the above 
m e t h o d , but in the form of its hydroch1oride. 
Tosylchloride 
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Both the monoacetate and the d i a ce t a t e of d i h y d r o i s o t r y p -
tamine were prepared by Schotten-Baumann a c e t y l a t i o n of the 
f ree s y rupy base. The monoacetate cou ld not be obta ined 
c r y s t a l l i n e but i t s h y d r o c h l o r i d e c r y s t a l l i z e d wel l from 
e thano l . R e f l u x i n g e i t h e r the f ree base i t s e l f or i t s 
monoacetate i n a c e t i c anhydr ide f o r two hours y i e l d e d a 
mixture of the monoacetate, and the d i a ce t a t e and t r ace s of a 
t h i r d compound which remained u n i d e n t i f i e d but was not the 
expected r i n g - c l o s e d d e r i v a t i v e . The use of phosphorus 
o x y c h l o r i d e as a combined dehyd ra t i ng and in t ramolecu 1ar 
c y c l i z i n g agent was a l s o u n s u c c e s s f u l . The mixture formed i n 
t h i s r e a c t i o n con ta ined no r i n g - c l o s e d mater ia l at a l l . The 
benzoyl d e r i v a t i v e s were s y n t h e s i z e d in the same manner as 
the a c e t a t e s . R ing c l o s u r e was aga in attempted by warming i t 
g en t l y w i th phosphorus o x y c h l o r i d e but aga in no c y c l i z e d 
mate r i a l cou ld be detected. 
The i n v e s t i g a t i o n of the S c h i f f - b a s e s formed from dihydro-
i s o t r y p t a m i n e by r e a c t i o n with s imple a ldehydes was, however, 
more s a t i s f a c t o r y . S t i r r i n g the base with the app rop r i a te 
a ldehydes at room temperature, u s u a l l y in ch lo ro fo rm, r e s u l t e d 
not on l y i n the fo rmat ion of the S c h i f f base (which could not 
be i s o l a t e d ) but a l s o i n s imu l taneous r i n g c l o s u r e . The use 
of fo rmaldehyde, aceta ldehyde and benzaldehyde r e s u l t e d in the 
s yn the se s of the u n s u b s t i t u t e d , the 1-methyl and 1-phenyl 
s u b s t i tuted di h y d r o i s o i ndo lo - [1 , 2 - c ]hexahyd ropy r im id i ne. 
GENERAL 
M e l t i n g p o i n t s are uncor rec ted and were determined on 
an e l e c t r i c a l l y heated R e i c h e r t me l t i ng po i n t appa ra tu s . 
S i l i c a used f o r p r e p a r a t i v e chromatography was "Merck 
K i e s e l g e l Co. nach S t a h l " . 
Combined o r g a n i c phases from e x t r a c t i o n s were d r i ed 
w i th anhydrous magnesium su lpha te un le s s o therwi se 
s p e c i f i e d . 
Mass s pec t r a were recorded on a 21 491-B Double Focus 
Mass Spect rometer . 
M i c r o a n a l y s e s were c a r r i e d out by Amdel M i c r o a n a l y t i c a l 
L a b o r a t o r y , Melbourne. 
E X P E R I M E N T A L 
PjEPMATION OF DIHYDROISQTRYPTAMINE 
Sodium borohydride (5.7g 149mmole) was suspended in 
diglyme (75ml) and the solution was added, dropwise, over 24 
hours, and under nitrogen atmosphere to a well stirred solution 
of dihydroisoindole-1-one-3-ethanamide (2.8g, 14.7mmole) 
dissolved in freshly distilled borontrif1uoride/tetrahydrofuran 
(34.7ml/100ml). The clear yellow solution was then stirred for 
a further period of 3 days at 30°C to complete the concurrent 
reduction of both the amide and lactone functions. The excess 
amount of diborane was destroyed by slow addition of alcohol 
and the solution was evaporated to dryness in vacuo below 30°C. 
The amine/borane complex formed was hydrolyzed by standing 
overnight in 30ml of 0.5N methanolic hydrochloric acid and 
any borate salt that precipitated was filtered off. The 
filtrate was evaporated to dryness in vacuo then suspended in 
dilute aqueous alkali. Any unreacted amide was extracted into 
dichloromethane. The free amine was obtained from the aqueous 
alkaline solution by repeated extractions with chloroform. 
The combined organic phase was dried, filtered, then 
concentrated under nitrogen, to yield the free amine in form 
of a viscous oil. This was then chromatographed on a silica 
column. Elution of the column with ammonium hydroxide/ 
methanol/chloroform (6/2/3) gave 1.69g (70.7%) of djhydroiso-
tryptamine. Mass spec, (c.i.) m/z 163 (MH"^). The 
hygroscopic tartrate salt, m.p. 132° was prepared by refluxing 
stoichiometric quantities of the base and tartaric acid for 15 
minutes, then allowing the solution to stand until completed 
crystallization. The hydrochloride salt was prepared by 
passing hydroch1oric acid gas into an ethanolic solution of 
the base for c, 15 minutes, then diluting the solution either 
with tetrahydrofuran or ethyl acetate. The pure crystals, m.p. 
264-266°C, precipitated on standing. 
Found: C, 51.0; H, 6.7; N, 12.0; 
2 C, 51.1; H, 6.9; N, 11.9%. 
Its n.m.r. spectrum (CD^OD) is identical with that of the free 
base. 
ACYLATION OF DIHYDRQISOTRYPTAMINE 
(a) Acetyl ati on. 
Excess acetic anhydride was added dropwise to a well-
stirred solution of dihydroisotryptamine (2.0g) in 
chloroform (50ml); stirring then continued for another 15 
minutes to complete the reaction. The chloroform solution 
was extracted several times with 0.5N hydrochloric acid 
until all unchanged starting material and all the basic 
monoacetate was extracted (Solution A) from the chloroform 
solution (Solution B). The aqueous acidic solution (A) 
was basified with 4N sodium hydroxide and extracted 
exhaustively with chloroform. The chloroform solution 
was washed with water, dried and passed through an 
alumina column to separate unchanged starting material. 
The main product, monoacety1dihydroisotryptamine, was 
isolated as a viscous oil (1.05g) on evaporation of the 
chloroform solution. Its hydrochloride salt was prepared 
by passing dry hydrochloric acid gas into an ethanol/ 
t e t r o h y d r o f u r a n s o l u t i o n of the b a s i c m o n o a c e t a t e and 
r e c r y s t a l l i z i n g the p r o d u c t from e t h a n o l M . p . 199-200°C. 
Ma s s s p e c t r u m (c.i.) m/z 205 ( M H ^ ) . 
F o u n d : C , 5 5 . 7 ; H , 7 . 3 ; N , 1 0 . 8 ; 
C I , 13.7% 
C a l c u l a t e d f o r C ^ ' ^ ^ ^ ' ^ ^ ; 
C I , 13.8% 
The c h l o r o f o r m s o l u t i o n (]B) was w a s h e d with w a t e r , 
then d r i e d and e v a p o r a t e d to y i e l d the N , N ̂ -d i a c e ty1d i-
h y d r o i s o t r y p t a m i ne ( 1 . 2 g ) . It was r e c r y s t a l 1 i z e d from 
e t h a n o l to m e l t at 140-141°C. Mass s p e c t r u m (c.i.) m/z 
247 (MH"^). 
F o u n d : C , 6 8 . 0 ; H , 7 . 1 ; H , 11.6% 
C a l c u l a t e d f o r C ^ 4 H ^ g N 2 0 2 C , 6 8 . 3 ; H , 7.3; N, 11.4% 
(b) B e n z oy1 a t i 0 n. 
Excess b e n z o y l c h l o r i d e (3.8g) was added to a 
s o l u t i o n of d i h y d r o i s o t r y p t a m i n e (2.0g) in c h l o r o f o r m 
( 2 0 m l ) and the s o l u t i o n was s t i r r e d for one h o u r at room 
t e m p e r a t u r e . The c h l o r o f o r m s o l u t i o n was e x t r a c t e d 
e x h a u s t i v e l y with 0.5N h y d r o c h l o r i c acid (Solution C) to 
r e m o v e u n c h a n g e d s t a r t i n g m a t e r i a l and the basic monobenz-
g a t e from the c h l o r o f o r m (Solution D) . 
The aqueous acidic s o l u t i o n (C) was b a s i f i e d with 4N 
s o d i u m h y d r o x i d e s o l u t i o n and e x t r a c t e d with c h l o r o f o r m . 
The combined c h l o r o f o r m s o l u t i o n was washed w i t h w a t e r , 
d r i e d , then pa s sed t h rough an a lumina column to s e p a r a t e 
unchanged s t a r t i n g m a t e r i a l . E v a p o r a t i o n of the c h l o r o -
form s o l u t i o n gave the b a s i c monobenzoy ld i h yd ro i s o t r y p t a -
mi ne ( 1 . 2 g ) as a v i s c o u s o i l . The o x a l i c a c i d s a l t o f 
the base was p repa red by add ing a s a t u r a t e d o x a l i c 
s o l u t i o n i n e thano l to a s a t u r a t e d e t h a n o l i c s o l u t i o n of 
the b a s i c monobenzoate and r e c r y s t a l 1 i z i n g the p r e c i p i t a t e 
f rom a l c o h o l , m.p. 98 - 99°C . Mass spect rum ( c . i . ) m/z 267 
(MH^) . 
Found: C, 6 1 . 2 ; H, 5 . 8 ; 
N, 7.5% 
C a l c u l a t e d f o r C^^H^gN^O.(COOH)^.H^O C, 6 1 . 0 ; H, 5 . 9 ; 
N, 7 .5%. 
The c h l o r o f o r m s o l u t i o n (D )̂ was washed w i th w a t e r , 
d r i e d , chroma tog raphed on an a lumina column, then 
e v a p o r a t e d to d r y n e s s to g i v e N , N ' - d i b e n z o y l d i h y d r o i s o -
t r y p t a m i ne. as a c o l o u r l e s s s y r u p . Mass spectrum ( c . i . ) 
m/z 371 (MH"^). 
(C) A c e t y l a t i o n by an A l t e r n a t e Method. 
Exce s s a c e t y l c h l o r i d e was added d ropwi se to a w e l l -
s t i r r e d s o l u t i o n of d i h y d r o i s o t r y p t a m i n e i n c h l o r o f o r m at 
room temperatu re and a l l owed to s t and fo r a f u r t h e r 15 
m inu te s to complete the r e a c t i o n . A p p l i c a t i o n of the 
t e c h n i q u e used above, when a c e t i c anhyd r i de was the 
r e a g e n t s e l e c t e d , produced the same mono- and d i - a c e t y l 
derivatives in comparable y i e l d s . 
A T T E M P T S TO CYCLYZE THE M O N Q A C Y L A T E D COMPOUNDS 
(a) M o n o a c e t y 1 d i h y d r o i s o t r y p t a m i n e (l.Og) was refluxed 
with phosphorus oxychloride (23.4g) in chloroform (100ml) 
for 20 m i n u t e s , then cooled to room t e m p e r a t u r e . Sodium 
hydroxide (4N) was then added to neutralize the acids and 
to e x t r a c t them from the chloroform s o l u t i o n . The 
chloroform s o l u t i o n , which remained after the e x t r a c t i o n , 
was washed with w a t e r , d r i e d , and evaporated to d r y n e s s . 
The residue was extracted with ethanol and the soluble 
material was investigated in the mass s p e c t r o m e t e r . This 
showed the presence of only the starting material and 
some desacety1ated compound in the reaction m i x t u r e . No 
trace of any cyclyzed compound could be found. 
(b) M o n o a c e t y 1 d i h y d r o i s o t r y p t a m i n e (l.Og) was refluxed in 
acetic anhydride (20ml) for 2 hours. After cooling to 
room temperature the reaction mixture was basified and 
extracted with chloroform. The combined chloroform 
extract was washed with w a t e r , dried, and evaporated to 
d r y n e s s . Mass spectroscopic investigation of the residue 
revealed the presence of only the mono- and diacetates in 
the reaction m i x t u r e . No trace of cyclyzed material 
could be d e t e c t e d . 
(c) M o n o b e n z o y l d i h y d r o i s o t r y p t a m i n e (l.Og) was refluxed as 
for m o n o a c e t y l d i h y d r o i s o t r y p t a m i n e (cf. (a) with) 
phosphorus oxychloride (23.4g) in chloroform (100ml) for 
20 m i n u t e s . Mass s p e c t r a l e x a m i n a t i o n of the r e a c t i o n 
m i x t u r e formed again r e v e a l e d the p r e s e n c e of only the 
m o n o b e n z o a t e and some d e b e n z o y 1 a t e d m a t e r i a l . No trace 
of any c y c l y z e d c o m p o u n d could be f o u n d . 
P R E P A R A T I O N OF DI HYDRO I SO I N D Q L Q - [ 1 , 2 - c ] H E X A H Y D R O P Y R I M I PINES 
(a) Formalin ( 0 . 7 5 m l ) was added to a s t i r r e d s o l u t i o n of 
d i h y d r o i s o t r y p t a m i n e (2.0g) d i s s o l v e d in dry t e t r a h y d r o -
furan or e t h a n o l . The m i x t u r e was s t i r r e d at 25°C for 2 
d a y s , w h e n the s o l v e n t was e v a p o r a t e d . The red oil was 
s u s p e n d e d in 2N s o d i u m h y d r o x i d e s o l u t i o n and e x t r a c t e d 
into c h l o r o f o r m . The c h l o r o f o r m s o l u t i o n was c h r o m a t o -
g r a p h e d on a l u m i n a using c h l o r o f o r m / m e t h a n o l / c o n c . a m m o n i a 
( 7 5 : 9 0 : 1 ) m i x t u r e as e l u a n t . The viscous oil showed m/z 
175 (MH ) in the mass s p e c t r u m . 
F o u n d : C , 75.9; H , 8.2; N, 15.9% 
C a l c u l a t e d for C ^ ^ H ^ ^ N ^ : C , 75.8; H , 8.1; N, 1 6 . 1 % . 
Its o x a l i c acid s a l t was p r e p a r e d by adding a s a t u r a t e d 
o x a l i c acid s o l u t i o n to a s a t u r a t e d e t h a n o l i c solution of 
the a b o v e base and r e c r y s t a 1 1 i z i n g the p r e c i p i t a t e from 
a l c o h o l . M . p . 160-161°. 
(b) A c e t a l d e h y d e (0.4g) was added to d i h y d r o i s o t r y p t a m i n e 
(2.0g) d i s s o l v e d in a n h y d r o u s ethanol (18ml) under 
n i t r o g e n a t m o s p h e r e for one h o u r . After an hour's 
s t i r r i n g , the reaction was c o m p l e t e (TLC) and the s o l v e n t 
- s o -
removed in vacuo. The crude base which precipitated was 
taken into chloroform and chromatographed on alumina 
using a chloroform/methanol/conc. ammonia mixture as the 
eluant. Evaporation of the chloroform yielded a viscous 
oil. Mass spectrum (c.i.) m/z 189 (MH"*"). Its oxal i c 
acid salt was prepared as the one formed with formaldehyde 
The salt was then recrystal1ized from alcohol. M.p. 
197-198°C. 
Found: C, 64.2; H, 7.3; 
N, 11.5% 
Calculated for C^ : C, 64.4; H, 7.4; 
N, 11.6% 
(c) Benzaldehyde (l.Og) was added dropwise to dihydroiso-
tryptamine (2.0g) dissolved in anhydrous ethanol under a 
nitrogen atmosphere. After refluxing the mixture for 5 
minutes, the solid formed was evaporated to dryness i n 
vacuo, and was washed with water to remove any water-
soluble impurities present. The purified solid produced 
was recrystal1ized from ethanol yielding colourless 
crystals of 1-phejiyl di hydroi soi ndol o-[1 , 2-c] hexahydro-
pyrimidine, m.p. 105-106°C. Mass spectrum (c.i. m/z 251 
(MH"^) . 
Calculated for C^ gN^ ̂ .H^O: C, 78.8; H, 7.3; N, 10.8%. 
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